Abstract An increased plasma triglyceride (TG) level is associated with coronary artery disease (CAD) and myocardial infarction (MI) and is a key characteristic of the metabolic syndrome. Here, we used a genome-wide linkage scan to identify a novel genetic locus that influences the plasma TG level. We genotyped 714 persons in 388 multiplex Caucasian families with premature CAD and MI with 408 polymorphic microsatellite markers that cover the entire human genome. The genome-wide scan identified positive linkage for the quantitative TG trait to a novel locus on chromosome 1p31-32 [peak single-point logarithm of odds (LOD) 5 3.57, peak multipoint LOD 5 3.12]. For single-point linkage analysis, two markers, D1S1728 and D1S551, showed LOD scores of 2.42 and 3.57, respectively. For multipoint linkage analysis, three markers, D1S3736, D1S1728, and D1S551, showed LOD scores of 2.43, 3.03, and 3.12, respectively. No other chromosomal regions showed a LOD score of .2.2. This study identifies a new genetic locus for TG on chromosome 1p31-32. Future studies of the candidate genes at this locus will identify a specific gene influencing the TG, which will provide insights into novel regulatory mechanisms of TG metabolism and may be important for the development of therapies to prevent CAD.-Seidelmann, S. B., L. Li, G-Q.
Abstract An increased plasma triglyceride (TG) level is associated with coronary artery disease (CAD) and myocardial infarction (MI) and is a key characteristic of the metabolic syndrome. Here, we used a genome-wide linkage scan to identify a novel genetic locus that influences the plasma TG level. We genotyped 714 persons in 388 multiplex Caucasian families with premature CAD and MI with 408 polymorphic microsatellite markers that cover the entire human genome. The genome-wide scan identified positive linkage for the quantitative TG trait to a novel locus on chromosome 1p31-32 [peak single-point logarithm of odds (LOD) 5 3.57, peak multipoint LOD 5 3.12]. For single-point linkage analysis, two markers, D1S1728 and D1S551, showed LOD scores of 2.42 and 3.57, respectively. For multipoint linkage analysis, three markers, D1S3736, D1S1728, and D1S551, showed LOD scores of 2.43, 3.03, and 3.12, respectively. No other chromosomal regions showed a LOD score of .2.2. This study identifies a new genetic locus for TG on chromosome 1p31-32. Future studies of the candidate genes at this locus will identify a specific gene influencing the TG, which will provide insights into novel regulatory mechanisms of TG metabolism and may be important for the development of therapies to prevent CAD.-Seidelmann, S. B., L. Li, G-Q. Shen (5) . High plasma TG levels are also found in familial combined hyperlipidemia (MIM 144250), the most common genetic dyslipidemia (6) .
Hypertriglyceridemia results from an abundance of TG-rich lipoproteins in the circulation: mainly chylomicrons, VLDLs, and intermediate density lipoproteins. TGrich lipoproteins can accumulate in the circulation via increased production and/or decreased clearance, thereby increasing the risk for the development of CAD. One mechanism by which this occurs begins as plasma concentrations increase and TG-rich lipoproteins inappropriately transfer TG to LDLs, which become cholesterol-depleted. Small dense LDLs have an increased capacity to cross the endothelial basement membrane, cause damage to the endothelium, adhere to arterial wall proteoglycans, and undergo oxidation, and they are rapidly taken up by macrophage scavenger receptors, promoting atherosclerotic lesion development (7, 8) .
The plasma TG concentration is a complex quantitative trait determined by many genes and by the interaction of those genes with one another and with the environment (i.e., diet, physical activity, smoking, alcohol intake). Genetic factors significantly affect plasma TG levels, with ?40% of the variation in human populations attributable to genetic factors (9) . Some gene variants have been shown to contribute to plasma TG levels, including LPL, APOE, APOA5, and the APOA1/C3/A4 locus (10-15), but those influencing much of the population variation have yet to be defined. Because of the importance of this lipid phenotype in the development of atherosclerosis, the identification of genes that influence its plasma concentration is important for the early prognosis and development of preventive therapies. In the present study, we describe a whole genome scan to identify chromosomal regions influencing TG levels in families with premature CAD and MI. We identified a chromosomal region on chromosome 1p31-32 that displayed positive linkage to the TG levels.
MATERIALS AND METHODS

Study population
We studied 714 individuals from 388 multiplex, Caucasian families with premature CAD and MI (GeneQuest) (16, 17) . Families of other ethnic origins were excluded to avoid the confounding effects of population admixture. The clinical and demographic characteristics of the study population are shown in Table 1 . Each family has at least two affected sibs with CAD and MI. "Premature" CAD was defined as any previous or current evidence of significant atherosclerotic CAD occurring to males of <45 years of age and females of <50 years of age (16, 17) . Patients were recruited by cardiologists and data coordinators at the Cleveland Clinic Foundation over an ?5 year period. Participants answered a health questionnaire, had anthropomorphic measures taken, and had fasted blood drawn for the measurement of serum markers and DNA extraction (16, 17) . Plasma lipid levels were measured by standard laboratory procedures for 714 members of the GeneQuest population.
This study was approved by local institutional review boards on human subjects, and informed consent was obtained from the participants. Whole blood was drawn from each participant, and genomic DNA was isolated from the blood using standard protocols (Puregene Kits; Gentra).
Genotyping
Genotyping was funded by a grant to Q.K.W. from the National Heart, Lung, and Blood Institute and carried out by Mammalian Genotyping Services (directed by Dr. James L. Weber, Marshfield Clinic Center for Medical Genetics). A total of 408 polymorphic markers from Screening Set 11 were genotyped, and they span the human genome approximately every 10 centimorgan (cM). DNA samples from all 714 participants from 388 families were genotyped.
Genetic statistical analyses
A genome-wide linkage analysis was performed using the program Genehunter (Genehunter 2.1 package; Whitehead Institute, Cambridge, MA) using the sibs quantitative trait mapping function. TG values were log-transformed before analysis to normalize the distribution.
RESULTS
The characteristics of the study population included in the genome-wide scan are presented in Table 1 . The study population consisted of 714 individuals from 388 Caucasian families. The mean TG value was 230.0 mg/dl for the entire cohort and 239.0 for the probands ( Table 1) . As the TG levels did not present with a normal distribution, TG values were log-transformed before analysis. The normalized TG values are shown in Fig. 1 .
Multipoint and single-point univariate linkage analysis for TG concentrations was carried out across 22 chromosomes using 382 polymorphic markers that span the entire autosome approximately every 10 cM. Linkage results of the genome-wide scan are shown for TG in Fig. 2 . 
Novel triglyceride locus on chromosome 1p31-32
We consider any chromosomal region with a logarithm of odds (LOD) score . 2.2 as a suggestive linkage, as recommended by Lander and Kruglyak (18) . The strongest evidence of linkage for TG was observed on chromosome 1p (Figs. 2, 3 , Table 2 ). Peak linkage was detected at chromosome 1p31 (Table 2, Fig. 3 ) (multipoint LOD 5 3.12, single-point LOD 5 3.57 at the closest marker, D1S551, 114 cM). At the 1p31 TG locus, two markers showed a single-point LOD score of .2.2 (2.42 for D1S1728 and 3.57 for D1S551), whereas three markers showed a multipoint LOD score of .2.2 (2.43 for D1S3736, 3.03 for D1S1728, and 3.12 for D1S551). No other chromosomal regions showed a LOD score of .2.2, although chromosomal regions 1q, 13q, and 19q showed LOD scores of 1.5-1.9 (Fig. 2) .
DISCUSSION
The present study describes results from a genomewide scan for TG quantitative trait loci in a sample of premature CAD and MI families. We identified positive linkage to TG on chromosome 1p31-32 (maximum singlepoint LOD 5 3.57, maximum multipoint LOD 5 3.12). Previously, several studies detected linkage for plasma TG concentrations in human populations (reviewed in LOD, logarithm of odds. The cytogenetic location, genetic position, and physical position of markers were all from the University of California at Santa Cruz database (http://genome.ucsc.edu/cgi-bin/hgGateway).
Ref. 19 ). These loci include chromosome 2q14 and 9p21 in a large Hutterite pedigree (20) , chromosome 19q13.2 in families with type 2 diabetes (21), and chromosome 3p12.1-3q13.3 in Caucasian type 2 diabetics (22) . Other loci include one on 15q21 in the National Heart, Lung, and Blood Institute Family Heart Study (23), one on 3p12.1-3q13.3 in Caucasian type 2 diabetics (22), and one on 12q23-q24, which was found to have pleiotrophic effects on TG and HDL-C in the HERITAGE Family Study (24) . Our study augments the current comprehension of genetic loci that influence plasma TG levels in humans.
At the chromosome 1p31-32 TG locus, the 61-LOD drop interval spans a region from 89 to 119 cM and the 62-LOD drop interval includes the region from ?85.5 to 127.0 cM for TG (Fig. 3) . The 62-LOD interval contains 375 known genes. Three strong candidate genes that reside within this 62-LOD interval include angiopoietinlike 3 (ANGPTL3; MIM 604774), leptin receptor (LEPR; MIM 601007), and sterol carrier protein 2 (SCP2; MIM 184755). The ANGPTL3 gene is located within the 1-LOD drop interval (physical location, 62,835,775-62,843,768, from the University of California at Santa Cruz Genome Browser database: http://genome.ucsc.edu/cgi-bin/hgGateway). ANGPTL3 is a target of the liver X receptor whose protein product has been shown to inhibit lipoprotein lipase and endothelial lipase (25) (26) (27) (28) . In mice, a mutation resulting in the truncation of ANGPTL3 reduced plasma TG concentrations, whereas overexpression of ANGPTL3 increased circulating plasma TG concentrations (29) . The LEPR gene is also located within the 1-LOD drop interval (physical location, 65,764,016-65,873,699) and encodes a receptor for the hormone leptin, which is an important regulator of body weight and lipid balance. Recently, the Gln223Arg polymorphism in the leptin receptor was found to be associated with familial combined hyperlipidemia, a disorder that is characterized by increased levels of total cholesterol, TG, and apolipoprotein B (30) .
The other candidate gene, SCP2 (physical location, 53,253,150-53,289,870), is located outside the 1-LOD drop interval but within the 2-LOD drop interval. SCP2 is an enzyme that plays a role in intracellular cholesterol trafficking and metabolism. It is involved in peroxisomal b-oxidation of 2-methyl-branched chain fatty acids and b-oxidation of the steroid side chains in the conversion of cholesterol into bile acids (31, 32) . Interestingly, the LRP8 gene (physical location, 53,488,950-53,506,858) is also located outside the 1-LOD drop interval but within the 2-LOD drop interval of the TG locus identified here. We recently showed that the single nucleotide polymorphism (SNP) R952Q (rs5174) in the LRP8 gene on the short arm of chromosome 1 is associated with increased platelet activation and the risk of premature familial CAD and MI but not with sporadic and nonfamilial CAD and MI (16) . The LRP8 gene encodes low density lipoprotein receptor-related protein 8 and is also known as the apolipoprotein E receptor 2 (ApoER2). It belongs to the low density lipoprotein receptor family (33) and can bind and internalize apolipoprotein E-containing lipid particles. Future association studies with SNPs in these candidate genes and/or other candidate genes at the locus may identify the susceptibility gene(s) that influence plasma TG levels.
After submission of the results from this study for publication, Kathiresan et al. (34) reported the identification of a significant association of SNP rs12130333 on chromosome 1p31 with TG levels through a genome-wide SNP association study. SNP rs12130333 is an intergenic SNP (physical location, 62,964,365) located in the 1-LOD drop interval of our 1p31-32 TG locus. As rs12130333 is not in a gene, the specific gene influencing plasma TG levels at this locus is still unknown. SNP rs12130333 is located within the 1-LOD drop interval and close to the LEPR and ANGPTL3 candidate genes for TG discussed above. It is notable that our 1p31-32 TG locus completely overlaps with the TG locus (rs12130333) identified by the genomewide SNP association study, suggesting that both family- Novel triglyceride locus on chromosome 1p31-32based linkage analysis and genome-wide SNP association studies are equally effective approaches for identifying genetic loci for a complex quantitative trait.
In conclusion, the present study identified a new locus for TG levels on chromosome 1p31-32, the first step in the positional identification of the underlying genetic variant(s) for this complex lipid trait. Identification of the genetic variant(s) contributing to the 1p31-32 locus may elucidate novel molecular mechanisms regulating plasma TG levels.
